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In order to gain a deeper insight into the role of Sa-reductase 
in ·the growth of beards in men, we studied some kinetic 
properties of the enzyme in cell homogenates of cultured 
human dermal papilla cells from beard and occipital scalp 
hair. When cell homogenates were incubated with [3H]-tes-
tosterone, the Sa-reductase of beard dermal papilla cells ex-
hibited an optimum activity at pH S.S , whereas the enzyme 
of dermal papilla cells from occipital scalp hair showed a 
broad and low plateau between pH 6.0 and 9.0, without a 
sharp peak. The apparent Michaelis constant of Sa-reductase 
was 3.3 X 10-7 M in dermal papilla cells from beard and 
2.4 X 10-s M in those cells from occipital scalp hair. The 
apparent Km of Sa-reductase for NADPH was 2.8 X 10-s M 
D ernu l papilla cells, which are the mesenchymal com-ponent of the hair structure, are considered to play a fundamenta l role in the induction of hair growth [1 - 3]. Isolated dermal papillae and cultured dermal papilla cells from rat vibrissa have been reported to 
have the ability to induce whisker growth [4,5]. Recently, human 
dermal papilla cel ls were also isolated and cultured in vitro [6 -8]. 
We have already reported that beard dermal papilla cells showed 
higher Sa-reductase activities than did reticul ar dermal fibrobl as ts 
or dermal papilla cells from occipital scalp hair [9]. and suggested 
that dermal papilla cells mi ght play a role in androgen-dependent 
hair growth . In this study, we compared the various kinetic proper-
ties of Sa-reductase in dermal papilla cells from beard and occipital 
scalp hair, with a view to clarifying w hether or not there is a qualita-
tive or quantitative difference between these two types of cells. 
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Trivial names: 
dihydrotestosterone: 17fi-hydroxy-5a-androstan-3-one 
testosterone: 17fi-hydroxy-4-androsten-3-one 
androstanediol : 5a-androstane-3a,17fi-diol 
androstenedione: 4-androstene-3,17 -diane 
androstanedione: Sa-androstane-3,17-dione 
progesterone: pregn-4-ene-3,20-dione 
deoxycorticosterone: 21-h ydroxypregn-4-ene-3,20-dione 
corticosterone: 11P,21-dihydroxypregn-4-ene-3,20-dione 
cortisone: 17a,21-dihydroxypregn-4-ene-3,20-dione 
cortisol: 11fi,17a,21-trihydroxypregn-4-ene-3,20-dione 
dehydroepiandrosterone: 3P-hydroxy-5-androsten-17-onc 
NADPH: nicotinamide adenine dinucleotide phosphate 
and 7.6 X 10-4 M in beard and occipital scalp hair dermal 
papilla cells, respectively. There were no significant differ-
ences in the substrate specificity between these two types of 
cells. The Sa-reductase activity was recovered mainly in the 
nuclear fraction of beard dermal papilla cells. By contrast, it 
was widely distributed among the individual subcellular 
fractions of dermal papilla cells from occipital scalp hair. 
These results strongly suggest that these two kinds of dermal 
papilla cells have different types of Sa-reductase, and that the 
enzyme in beard dermal papilla cells is similar in characteris-
tics to that in the androgen target organs such as prostate. j 
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MATERIALS AND METHODS 
Isolation and Culture ofDermal Papilla Cells The methods 
for isolating and culturing dermal papilla cells are described else-
where [6 ,9]. Beard dermal papilla cells from the patient referred to 
as case E in our previous report (9] and dermal papilla cells from 
occipital scalp hair of a 43-year-old man were used throughout the 
study. In addition, dermal papilla cells from these two types of hairs 
of several other individuals were also used for each experiment. All 
experiments were performed at confluency after the fourth to sixth 
su bcu 1 ture. 
Harvesting and Cell Fractionation Confluent monolayers 
were rinsed twice w ith phospha.:e-buffered saline, scraped from 
dishes by rubber policemen, and collected into a centrifuge tube. 
The cell suspensions were centrifuged at 1,500 rpm for 10 min at 
4 o C. The pellets were resuspended in 20. rnM Tris-H Cl buffer, pH 
7.5, at 4 °C, containing 250 rnM sucrose, 1 mM M gCI2, and 2 rnM 
CaCl2, by vortexing and 10 passes through a 25-gauge needle. The 
crude homogenate was further homogenized by a teflon- glass ho-
mogenizer, and was used as the cell homogenate. For the study of 
subcellular localization of Sa-reductase, the cell homogenate was 
centrifu ged at 800 X g for 10 min to yield a crude nuclear pellet. 
The resultant supernatant was centrifuged at 10,000 X g for 15 min 
to produce a crude mitochondrial pellet. The supernatant was cen-
trifuged at 100,000 X g for 60 min to yield a microsomal pel let and 
cytosol. Each particulate fraction was washed twice and resuspended 
in the buffer. 
Sa-Reductase Assay The standard incubation mixture consisted 
of 50 nM (3H ]-testosterone , 1 mM NADPH , 100 mM sod ium ci-
trate, pH 5.5, or 100 mM Tris-HCl, pH 7.5, and 50 .ul of the cell 
homogenate, in a final volume of 100 .ul. Each tube contained 50-
100 .ug of cellular protein. Incubation was carried out at 37"C for 30 
0022-202X/ 91/S03.50 Copyright ©1991 by The Society for Investigative Dermatology, Inc. 
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Figure 1. pH optium for Sa-reductase activi ty in homogenates of dermal 
papilla cel)s from beard and occipital scalp hair. 50 mM citrate buffer was 
used for Sa-reduction at pH 4.5-6.5 and 50 mM Tris-HCl buffer for Sa-re-
duction at pH 7.0-9.0. Each poh1t is a mean of two determinations. Solid 
circles, beard dermal papilla cells; open circles, dermal papilla cells from occipi-
tal scalp hair. 
min. During this incubation, the reaction was proportional to the 
time. For the study of optimum pH, citrate buffer was used at pH 
4.5-6.5, and Tris HCl buffer at pH 7.0-9.0. The protein content 
was determined by the method of Lowry et al [10]. 
Extraction and Isolation of Steroid Metabolite After incuba-
tion, the reaction was stopped by adding 4 times volume of chlo~o­
form-methanol (2/1:VjV) [11) containing 10 )J.g each of earner 
steroids. The extracted steroids were analyzed by thin-layer chroma-
tography as previously described [12), and the purity of each s~eroid 
was determined by the recrystallization method. The actlVlty of 
Sa-reductase was expressed by the sum of dihydrotestosterone, an-
drostanediol, and androstanedione formed. 
Chemicals (1 ,2-3Hj-testosterone (SS.2 Cijmmol) was obtained 
from New England Nuclear Corporation (Boston, MA), and unla-
beled steroids were purchased from Sigma Chemical Company (St. 
Louis, MO). Fetal calf serum was supplied by Hazleton (Lenaxa, 
KS), and Kieselgel 60F254 by Merck (West Germany). All other 
chemicals were of reagent grade. 
RESULTS 
Optimum pH for Sa-reduction was first determined. Beard dermal 
papilla cells exhibited a narrow optimum activity of Sa-reductase at 
pH S.S and, in addition, a broad shoulder of lesser activity in the 
range of pH 6.5-9.0 (Fig 1 ). On the other hand, dermal papilla cells 
from occipital scalp hair showed a low and broad plateau ranging 
from pH 6.0- 9.0, without a sharp peak at any site. Similar findings 
on a pH dependence were obtained in several other cases of both 
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Figure 2. Relation of incubation time to 50!-reductase activity. The ex peri· 
mental conditions are described in Materials a11d Methods. The protein con-
centration was 50 ,ug/ 100 ,ul. Each poi11t is a mean of three determinations. 
Solid circles, beard dermal papilla cell s; ope11 circles, dermal papilla cells from 
occipital scalp hair. 
beard and occipital dermal papilla cells. In all subsequent experi-
ments, therefore, sodium citrate buffer, pH 5.5, and Tris-HCI 
buffer, pH 7.5, were used for the measurement of Sa-reductase in 
the respective types of cells . Figure 2 shows the relation between 
incubation time and the amount of Sa-reduced metabolites formed. 
The extent of Sa-reduction was proportional to the incubation time 
for about 30 min. Figure 3 illustrates the results of the study of the 
Sa-reductase activity assessed as a function of testosterone concen-
tration. In beard dermal papilla cells, the enzyme activity increased 
between 0.02S and 1.0 J.lM and almost culminated at 1 )J.M. In 
dermal papilla cells from occipital scalp hair, the reaction was not 
sat_urab l~ under the present experimental conditions. The apparent 
M1chaehs constant of Sa-reductase as estimated from Lineweaver-
Burk plots was 3.3 X 10-7 M for dermal papilla cells from beards 
and as great as 2.4 X 10-s M for those from occipital scalp hair. 
When the concentration of NADPH was varied, these two types 
of cells showed different dependencies on the cofactor (Fig 4). The 
apparent Km for NADPH in dermal papilla cells from beards was 
2.8 X 10-s M, whereas that in those cells from occipital scalp hair 
was 7.6 X 10-4M. 
Inhibition of Sa-reduction of testosterone by various steroids was 
examined by adding 1 )J.M of nonradioactive steroids to the incuba-
tion mixture containing 50 nM [3H)-testosterone with cell homage-
nates (Table I). In both types of cells, potential inhibitors were 
progesterone, deoxycorticosterone, and androstenedione, which are 
known to have a .:14-3-keto structure. N either cortisone nor cortisol 
exerted any inhibitory effect on Sa-reduction of testosterone in our 
experimental condition, although they are also 3-keto-steroids. Di-
hydrotestosterone showed no product inhibition. 
Var~ous sub~ellul~r fractions of dermal papilla cells were isolated 
by senal centnfugauon and submitted for a Sa-reductase assay. As 
shown in Table II, most of the enzyme activity was recovered in the 
particulate fractions in either type of cells. These findings indicate 
that the enzyme is membrane-bound. Although the specific activity 
of Sa-reductase is higher in mitochondria or microsomes than in 
the crude nuclear fraction in either type of cells, more than a half of 
the total activity was recovered in the crude nuclear fraction in beard 
dermal papilla cells. This was in distinct contrast with the situation 
in dermal papilla cel ls from occipital scalp hair, where the enzymr 
activity was equally distributed among the three particulate frac-
tions. 
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Figure 3. Relation of testosterone concentration to Sa-reductase activity. 
Each point is a mean of two determinations. The inset graph is Lineweaver-
Burk plot. Solid circles, beard dermal papilla cells; open circles, dermal papilla 
ce lls from occipital scalp hair. 
DISCUSSION 
The enzyme Sa-reductase plays an imrortant role in the action of 
androgens in the target organ [13,14. We already reported that 
beard dermal papilla cells metabolized testosterone to dihydrotes-
tosterone more actively than did reticular dermal fibroblasts order-
mal papilla cells from occipital scalp hair in a monolayer culture 
system [9] . The present study clarified some kinetic properties of 
Sa-reductase, thereby confirming the view that beard dermal pa-
pilla cells are typical androgen target cells. The narrow optimum 
pH-around S.S for Sa-reduction in beard dermal papilla cells (Fig 1) 
was compatible with that in genital skin fibroblasts, which are typi-
cal androgen target cells [1S -17]. The sharp decline in the activity 
at pH lower than S.O was probably due to the instability ofNADPH 
in the acidic condition [18,19]. A broad and low activity between 
pH 6.S and 9.0 was detected in dermal papilla cells either from beard 
or from occipital scalp hair. This low activity might be due to the 
loss or inactivation of some unknown cellular factors at this pH 
range. Besides, this low Sa-reductase activity at the higher eH 
seems to be a ubiquitous property of human skin fibroblasts [16J. 
The two types of cells we used were different with respect to the 
kinetic property of Sa-reductase (Fig 3). The apparent Michaelis 
constant determined for beard dermal papilla cells (3.3 X 10-7 M) 
was comparable to that for genital skin or cultured genital skin 
fibroblasts (15,18]. The apparent Km for dermal papilla cells from 
occipital scalp hair was much larger (2.4 X 10-4 M), and close to 
that for reticular dermal fibroblasts (9]. When Sa-reductase activity 
was measured at pH 7.S, no notable difference in apparent Km was 
recognized between dermal papilla cells from beard and those from 
occipital scalp hair (data not shown). The lower Km values of Sa-
reductase for testosterone and NADPH in beard dermal papilla cells 
suggest that Sa-reduction is more active in these cells than in der-
'0 
Q) 
E 
.... 
2 
(/) 
~ 
0 
.c 
«! 
a; 
E 
'0 
(]) 
u 
:::J 
'0 
(]) 
.... 
it 
5. 
c: 
.E 4 . 
0 
(') 
...... 
c: 
.iii 
0 3. 
.... 
0. 
Ol 
E 
...... 
(/) 
(]) l2. 
1. 
Sa-REDUCTASE IN DERMAL PAPILLA CELLS 59 
0.5 
NADPH (mM) 
1.0 
Figure 4. Relation of NADPH concentration to Sa-reductase activity . 
Each poi11t is a mean of two d~terminations. Solid circles, beard dermal papilla 
cells; opw circles, dermal paptlla cells from occtpttal scalp hatr. 
mal papilla cells from occipital scalp hair under physio logic condi-
tions. 
The substrate specificity of Sa-reductase was similar in these two 
types of cells. All d 4-3-keto-steroids were potential inhibitors of 
Sa-reductase, except for those with substitutions on the 11-carbon 
(Table I) . This pattern of specificity of the enzyme had a resem-
blance to that in genital skin fibroblasts [15] and rat prostate (20], but 
differed from that of hepatic Sa-reductase [21]. It h as not been 
established that Sa-reductase in androgen target cells can never 
utilize these 11-carbon-substituted d 4-3-keto-steroids as substrates. 
In fact, it was reported that Sa-re.:luction of cortisol could be mea-
sured in concentrated preparations of human epididymal micro-
somes [22]. 
The subcellular localization of Sa-reductase is another important 
feature of this enzyme in androgen target cells (20,23,24]. In the rat 
prostate, the activity (50- 75%) of Sa-reductase was predominantly 
Table I. Inhibitory Effect of Various Steroids on Sa-Reduction 
of Testosterone in Dermal Papilla Cells from Beard and Occipital 
Scalp Hair• 
Steroids 
Control 
Progesterone 
Deoxycorticosterone 
Androstenedione 
Corticosterone 
Androstanedio l 
Androstanedione 
Dehydroepiandrosterone 
Dihydrotestosterone 
Cortisone 
Cortisol 
Beard 
0 
91 
90 
79 
19 
19 
7 
0 
0 
0 
0 
Inhibition(%) 
Occipital 
Scalp H air 
0 
92 
86 
70 
32 
39 
0 
lS 
0 
3 
6 
• Aliquots of cell homogenates were incubated with SO nM ['H)-testosterone in the 
presence of various nonradioactive steroids at a final concentration of 1 pM . .Each value 
is a mean of three determinations. 
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Table II. Intracellular Localization of Sa-Reductase in Dermal 
Papilla Cells from Beard and Occipital Scalp Hair• 
Specific Activity Toal Activity 
(pmole/mg Protein/ (pmole/Fraction/ 
30 min) 30 min) 
Subcellular Occipital Occipital 
Fraction Beard , Scalp Hair Beard Scalp Hair 
Homogenate 3.1 0.9 24.7 7.S 
Crude nuclei 4.S 0.7 13.1 2.2 
Mitochondria 9.2 1.7 7.2 2.0 
Microsomes 8.8 3.3 3.7 1.6 
Cytosol 0.4 1.1 
• Dermal papilla cell s were homogenized and seriall y centrifuged as described in 
Materials a11d Methods. Each fraction was incubated with 50 nM [3H]-testosterone for 30 
min at 3rC. Total enzyme activity was calcu lated as specific activiry X total protein in 
each subcellular fraction. 
localized in the nuclear fraction. In the present study, more than 
half the activity was also recovered in the nuclear fraction of beard 
dermal papilla cells. On the other hand, the bulk of the activity was 
recovered in the microsomal fraction of hepatic cells [21,23]. 
Whereas no Sa-reductase activity could be detected in the cytosolic 
fraction of beard dermal papilla cells, some activity could be de-
tected in the same fraction of dermal papilla cells from occipital 
scalp hair. A minor portion of Sa-reductase activity was also recov-
ered in the cytosol of rat prostate and liver cells [23]. Further studies 
are necessary using a much larger amount of material, because in the 
present study we could not check the purity of each subcellular 
fraction due to the limited amount of cultured cells. Purification of 
the enzyme is also required in order to know whether the enzymes 
in these two types of hairs are completely different or whether the 
same enzyme is operating with different cofactors and cellular fac-
tors, as we used homogenates in the present study. So far , purifica-
tion of Sa-reductase has been unsuccessful, because it is membrane-
bound [24]. 
It is well known that the growth of human beards is androgen 
dependent, whereas that of the occipital scalp hair is not. In familial 
incomplete male pseudohermaphroditism, type 2, beard growth 
does not occur at puberty (2S-27]. In this disease, several types of 
kinetic defect in Sa-reductase have been reported [1S -17]. In some 
families, Sa-reductase activity is markedly deficient at pH 5.5 in 
genital skin fibrob lasts. Even in these cases, a broad and low shoul-
der is formed between pH 6.S and 9, as in controls. Our present 
study strongly suggests that the beard growth in men at puberty is 
mediated by Sa-reductase at a sharp pH optimum of S.S in dermal 
papilla cells. Because hair growth in the axillary and pubic areas is 
normal even in pseudohermaphroditism, type 2, at puberty, the 
dermal papilla cells of hairs in these areas might be different in 
sensitivity to androgen. Our investigative efforts will be continued 
to characterize Sa-reductase in these cells, too. 
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